INTRODUCTION
At least 26 variants of human serum albumin have been demonstrated by suitable electrophoretic techniques (reviews in McDermid, 1971 ; Weitkamp et al. 1973a, b ) . I n addition to the rare albumin variants, by now encountered in most of the major ethnic groups, at least two instances of an albumin variant occurring in polymorphic proportions have been reported. The first such variant, Albumin Naskapi, was initially encountered by Melartin & Blumberg ( 1966) as a rapidly migrating albumin fraction transmitted as if due to a co-dominant gene which .had a frequency of 0.13 in a sample of 151 Naskapi Indians of Quebec Province, Canada, and lower frequencies within other North American Indian populations (the Montagnais, Sious, Tlingit, and Athabascan speakers from Alaska). Later this variant was encountered in three tribes of the Southwestern United States (the Navajo, Apache and Hopi) (Johnston et al. 1969) ; however, it has not been observed in Central or South American Indians. Another well-documented serum albumin variant also occurring as a polymorphism has been designated Albumin Mexico by Melartin and co-workers (1967) . This is a slowly migrating variant originally detected with a gene frequency of 0.03 in a sample of 185 'mestizos' from Tlaxcala and Hidalgo states and Mexico, D.F. Later it was found in the Papago, Navajo, Apache, and Pima Indians of the Southwestern United States and the Quiche of Guatemala (Johnston et al. 1969 (Johnston et al. , 1973 ; the gene frequency for albumin Mexico amongst these tribes ranged from 0.006 to 0.049.
A recent report by Tanis et al. (1973) concerned itself in part with describing eight serum albumin variants detected in five tribes of South American Indians residing in the north-central portion of that continent. I n all cases but one, the electrophoretic variants were rare. However, the variant designated Yanomama-2 (Yan-2) was detected in 46 individuals within a rather limited geographic area occupied by the Yanomama Indians, a tribe of more than 12,000 persons residing in Northern Brazil and Southern Venezuela. Weitkamp and colleagues ( 1 9 7 3~) have compared Albumin Yan-2 with some 23 other serum albumin variants under a variety of starchgel conditions ; under the conditions employed its migration behaviour appears unique.
The Yan-2 variant did not separate well from normal in the test systems in use in this lahoratory at the time of its discovery (see Materials and Methods). In an effort to improve upon this situation, a new albumin screening system has been developed. Because of the possibility that many examples of the Yan-2 variant could have been missed during the earlier work from this laboratory, due to lack of adequate resolution by the two albumin screening systems employed routinely, we have retyped all the samples of Indian serum available in this Department, some 5993 in number from a total .of 11 tribes. We now find that the Yan-2 variant is widespread throughout the Yanomama, exhibits a geographic cline, and is not found in the members of any other tribe thus far studied. Table 3 ; it migrates identically with Maku and Wapishana. The origin is indicated by an arrow.
RESULTS
The phenotype and gene frequencies for albumin Yan-2 in the Yanomama Indians are presented in Table 1 ; the location of most of the villages is shown in Fig. 2 . These are the same villages for which we have presented gene frequencies for 28 other systems in previous publications from this group. We note that the frequency of the Yan-2 gene in individual villages varies from 0.0 to 0.40. A question of interest is whether there are significant local differences in the frequency of the Yan-2 gene within the distribution of the Yanomama. In previous publications, we have shown that on the basis of classifioation by 11 genetic systems (largely blood types and serum proteins, and not including albumin), cluster analysis divided 27 Yanomama villages into six reasonably defined groups (Ward, 1972; Neel et al. 1972) . These six groups occupied geographically nonoverlapping areas, as shown in Fig. 2 . The ten additional villages studied since this cluster analysis can all be assigned to one of these six areas. Table 1 presents the findings by village and geographic subdivision; the position of all 47 villages is shown in Fig. 2 . One objective way t o approach the question of local differences in gene frequency is to employ these six subdivisions as the basis for a comparison. Amongst subdivisions, the gene frequency varies from 0.040 to 0.120; a heterogeneity x2 for the gene frequency in the six subdivisions is significant ( x 2 = 79-37', D.F. = 5, P < 0.001). (Because of the non-binomial nature of the data, created by the presence of biologically related persons, all significance tests must be regarded as approximate.) Thus, a genetic subdivision of the tribe by one set of criteria is reflected in the distribution of this additional genetic marker. Subdivision 3, with the highest mean gene frequency, is exceptionally heterogeneous in the gene frequencies of its constituent villages, with, for example, adjacent villages 11 ABC and 11D differing by a gene frequency of 0.26. Neverthless, there seems to be a clear pattern within this sector. If we divide the area into two segments, above and below lat. 3" N, the gene frequency in the northern villages (03U, 03V, 08E, 08D, 08F, 08G, 08H, 081 and 11X) is 0.21, whereas in the southern villages (08XY, 082, llABC, 11D, 1113, 11V, 11W, 15G, 15H and 151) it is 0.07. The uniqueness of sector 3 is therefore the result of the villages in the north since the frequency data for the southern villages are similar to that for the rest of the tribe.
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A second approach to the question of local differentiation is to seek evidence of a cline. Because of the substantial area occupied by the tribe, geographic coordinates would appear to be convenient references in the search for clinal patterns. Using the regression procedures described by Smouse (1974), we obtained the estimated coefficients of the logistic regression equation :
The observed values of the village gene frequencies are plotted, in Fig. 3 , against the estimated regression equation. The abscissa of Fig. 3 can be thought of as a line running through the territ,ory of the Yanomama from SE to NW at an angle of about 63.5" from the equator; the entries corresponding t o the values of Y were yielded by the equation.
The statistical significance of the cline is examined in Table 2 . The total variation among villages is partitioned according to the procedures of Smouse & Kojima (1972) into a regression (clinal) component and a residual (lack of fit) component. The regression component can be further subdivided as shown, and indicates that latitude is more useful as an indicator than longitude. The A criteria asymptotically approach x2 measures, with the indicated degrees of freedom. All criteria are highly significant, but since the various individuals within a village are often related (non-binomial sampling), one should view the probability levels with considerable caution. Inasmuch as the 'lack of fit' term (a measure of the inadequacy of the model)
is quite large, one must also view the adequacy of the regression model with some reservation. I n this situation, a conservative procedure would be to gauge the regression component relative to the lack of fit. If we divide each A estimate by its degrees of freedom, we may compare the regression and lack of fit components on a per-degree-of-freedom basis. This is analogous to constructing mean squares from sums of squares in a conventional regression analysis of normal variates. Finally, since the A terms are asymptotically x2, and since our sample size is very large (2n = 6278), we may construct an approximate F-ratio from these two 'mean squares'. This value is 8.04, has P < 0.01, and even with allowance for non-independence of samples from within villages indicates a real trend.
The partitioned components of the regression x2 can be similarly treated ; if this is done, we find that the latitudinal component is significant but that the longitudinal component is not.
It is really the combination we are concerned with, and as indicated above, the combination of latitude and longitude is quite effective in describing the trend in gene frequency of the Yanomama-2 allele across the territory of the Yanomama. Table 3 summarizes the results of screening 2562 serum samples from members of ten additjonal tribes from both South and North America with the new screening system. The variant labelled Maku encountered in 15 Wapishana is electrophoretically identical with the variant encountered in a captured Maku woman and three of her descendants living with the Yanomama (see Table 1 ). The Yan-2 variant was not encountered in any of these other samples. (In a sample of 66 blood specimens drawn from the Makiritare of Santa Maria de Erebato some time after the sample described in this paper was obtained, for the purpose of typing for the histocompatibility antigens, there was one specimen heterozygous for Yan-2. The representation of this sample cannot be related to our previous sample 'from this location, i.e. the amount of overlap is unclear, and we present only the finding of the first sample.) This absence of Yan-2 from other tribes is especially noteworthy in the case of the Makiritare; for a t least the past 100 years this tribe has overlapped in its distribution with the Yanomama. This overlap is largely in the northern portion of the Yanomama territory where the frequency of the Yan-2 gene is especially high. The present study thus provides no evidence of gene flow from the Yanomama to these other tribes.
The reader is reminded that dimeric variants are not detected by the test system which generated the results of Tables 1 and 3. For the sake of the discussion to follow, we note the previous detection of two electrophoretically different dimeric variants in this material, namely Yanomama-1 and Makiritare-1, the latter electrophoretically indistinguishable from a variant we encountered in the Piaroa (Tanis et al. 1973) , and also encountered by others in the Warao, Trio, and Wajana (Weitkamp et al. 1973a ; Geerdink et al. 1974 ). 
DISCUSSION
The present study has defined an apparently unique situation, a gene which has achieved a mean frequency of 0.08 within a single Amerindian tribe without as yet evidence it has spread to adjacent tribes. This gene manifests itself as an electrophoretic variant of a protein molecule, serum albumin, for which seven other electrophoretically distinguishable variantma have already been recognized in our samples from this major ethnic grouping, namely, the Yan-1 dimer, Mak-1 dimer, Mak-3, Maku, Naskapi, Mexico and Xavante. (Because of the way it was ascertained (cf. above and Tanis et al. 1973), we do not include the Makiritare-2 variant in this enumeration.) The Xavante variant, not previously mentioned, was reported to be unique by Weitkamp et al. (19733) , but does not appear in our Table 3 because the samples demonstrating this variant had been exhausted at the time of these repeat determinations. The range in the frequencies of the genes responsible for these various albumin variants is noteworthy. At the one extreme, there are variants apparently restricted to one or a few individuals within a single village of a single tribe, e.g. Panomama-1, Xavante, and Makiritare-3 (Weitkamp et al. 1973b; Tanis et al. 1973) . At the next level should be variants which occur with a low frequency in several villages of a single tribe ; this situation has not yet been observed. Then there are variants which occur in polymorphio proportions within a single tribe, with no spill-over into adjacent tribes, such as the variant which is the subject of this paper. Finally, then, are variants in polymorphic proportions in one or several tribes, with significant but lesser representation in other tribes. This would appear to be true of albumins Naskapi and Mexico, and may also be true of albumin Maku, although the data concerning the latter are still exiguous. Finally, we mention the Makiritare-1 dimer, found by us in 13 persons in four Makiritare villages in proportions bordering on a polymorphism, and in two Piaroa. This variant was also encountered by h e n d s et al. (1969) in 5 among 222 Warao of Venezuela and by Geerdink et al. (1974) in polymorphic proportions in the Trio and Wajana of Surinam. Again we indicate that as long as electrophoretic mobility remains the sole criterion for distinguishing between variants, any given 'variant ' may well encompass several structural changes all characterized by the same apparent electrophoretic behaviour. The possibility of heterogeneity seems especially strong for dimeric variants such as Makiritare-1.
Elsewhere we have argued that the Yanomama as a tribe may have enjoyed an exceptional measure of isolation from all the surrounding tribes (Neel et al. 1972; Spielman, Migliazza & Neel, 1974; Ward et al. 1974 ). The present data are felt to reinforce this argument. The most common means whereby genes cross tribal boundaries is probably in consequence of hit-and-run attacks in which a raiding party, encountering a small group of traditional enemies in the field, kills the men and abducts the women and children. The present data suggest that few Yanomama women have contributed to the gene pool of the surrounding tribes. Our previous studies have revealed microdifferentiation among Yanomama villages of the order of magnitude of that seen for Yan-2 with respect to a variety of other genetic systems (MNS, Rh, P, Duffy, Kidd, Lewis, Haptoglobin, GC, PGM, and GM), and, as we shall report elsewhere, five of those systems also exhibit significant clines. A standard problem for any possible explanation of this and the other clines will be the irregularities which they present. Accordingly, it seems appropriate at this juncture to recall the mobility of Yanomama villages. For instance, we have documented in detail a situation in which a Yanomama village migrated approximately 200 miles in the course of three generations (Chagnon et al. 1970) . Given this mobility, and the fact that some Yanomama villages are essentially composed of 5-6 extended lineages, with the attendant opportunities for a founder effect, we feel that even in a situation where a cline is due to strongly deterministic pressures, irregularities are to be expected because of stochastic factors.
There are two obvious explanations of the frequency of the Yan-2 allele. One is the appearance through mutation at an early stage in tribal history of a gene with neutral (or even slightly disadvantageous) phenotypic effects, which has increased in frequency by chance alone (i.e. drift). The chief alternative explanation involves the appearance early in the history of the tribe of a gene with favourable effects, which has then increased to its present frequency by virtue of its selective advantage. Some combination of those two hypotheses is of course tenable. The occurrence of a cline is consistent with either of these explanations but a third explanation sometimes invoked to account for a cline, namely admixture, seems excluded in view of the evidence for the relative isolation of the tribe (Neel et al. 1972; Spielman et al. 1974 ).
We will on another occasion examine in detail the various kinds of evidence bearing on selection and the Yan-2 allele. Here, having summarized the present status of our knowledge of albumin variants in the American Indian, we wish only to point out that in reaching a decision concerning the dpamios of the albumin locus, the comparative approach may be of considerable value. This structural locus was chosen for a survey of the occurrence and frequency of alleles not because genetic polymorphisms were to be found at this locus, but simply because the protein product was suitable for our purposes. Eight electrophoretically distinguishable variants have 188 R. TANIS AND OTHERS been observed in 5993 samples from members of eleven Indian tribes ; 9.2 % of the Indians sampled had an albumin variant (since the two samples demonstrating the Xavante-2 variant were exhausted by the time of this re-examination, the actual number of specimens examined was 5995). Since many of the Indians sampled are related to one another, the number of independent genomes sampled is of course substantially less than the heat count. By contrast, we have encountered no haemoglobin variants in 3595 samples from six of these same tribes" (Tanis et al. 1973) . The work by others cited in the Introduction tends to confirm our finding of a relatively high frequency of albumin variants in the Amerindian. On the other hand, the summary of the results of the electrophoresis of haemoglobin samples from Amerindians by Arends (1971) reveals that aside from the S and C variants (probably introduced by admixture), only two certain and one possible, electrophoretically distinguishable haemoglobin variants (in a total of six persons) were encountered in 21,744 determinations. Thus, the lack of haemoglobin variants observed in our studies is by no means exceptional.
It appears that this difference between the albumin and haemoglobin loci may extend to another mongoloid group. As is well known, in recent years Japanese investigators have mounted an extensive search for variants of haemoglobin A. Iuchi (1968) reported that between 1957 and 1967 a total of 279,600 Japanese were screened, with the discovery of 44 variants ( 1 : 6400). The number of different electrophoretic behaviours is not given ; structural analysis apparently reveals 35 different variants. The locations at which the screening was carried out are not given. At about the same time, Yanase and colleagues (1968) reported on a study of 50,000 haemoglobin specimens from successive clinic patients from the island of Kyushu; it is not clear whether this series is included in Iuchi's summary. Eighteen variants were encountered, which upon sequencing reduced to nine different mutants. There has thus far been no extensive search for albumin variants in Japan by methods comparable to our own. However, we (Ueda et al. 1974 ) have encountered a slow albumin variant in 5 of 2455 persons screened. The data thus suggest the same difference between albumin and haemoglobin in Japanese as in Amerindians.
Since the number of amino acids comprising albumin is approximately twice the number in the a and B chains of haemoglobin combined, one might, on the assumptions of equimutability per nucleotide and selective neutrality of the variants, anticipate twice as high a variant rate for the albumin locus as the a and , 8 loci combined. Even with this 'correction', however, it is difficult to escape the impression that the frequency of occurrence of variants and the numerical representation of each at the three structural gene loci concerned are not comparable in these ethnic groups. The findings permit of two tentative interpretations : (1) if haemoglobin is taken as the reference molecule, the mutation rate at the albumin locus is higher and/or a larger fraction of the albumin variants is neutral or subject to positive selection, or (2) if albumin is taken as the reference molecule, the mutation rates a t the a and / 3 haemoglobin loci combined are lower and/or a larger fraction of the haemoglobin variants is subject to negative seleotion.
It is an obvious question, whether the same difference exists in Caucasians. The most extensive survey for haemoglobin variants in Caucasoids is that of Sick et al. (1967) , who found 10 variants in 8000 persons, of which it appears that at least 5 and possibly 8 were electrophoretically distinguishable. Weitkamp et a2. ( 1 9 7 3~) reviewed the published data on albumin variants in * I n a related screening effort (undertaken by Dr P. Kale, private communication) a total of 2412 of our South American Indian haemolysates were re-examined for possible electrophoretic haemoglobin variants using a cellulose acetate methodology ; no haemoglobin variants were observed.
Europeans, finding that 18 had been encountered in 43,382 determinations, but believed that for technical reasons this might be a substantial underestimate; it is not possible to determine how many different variants were represented among these 18. About all that can be said is that the data to date do not suggest the same striking difference between the two proteins that was encountered in the Indians and Japanese.
Significant progress is being made on the theory of the distribution of rare variants with neutral phenotypic effects in finite, subdivided populations (Ewens, 1972) . Our present very limited data on Indian villages and tribes do not yet warrant a formal treatment of this subject, but work now in progress should result in a sufficient extension of the data so that we may in the near future be able to use this approach in an effort to determine whether the distribution of rare variants a t the albumin locus is more consistent with that expected for mutations with neutral effects than is that of haemoglobin variants.
SUMMARY
A total of 5993 samples of serum or plasma from members of 11 Amerindian tribes have now been screened for the Yanomama-2 albumin variant, using improved techniques. Our results to date demonstrate that this albumin variant occurs only in a single South American Indian tribe, the Yanomama, with a gene frequency of 0.08; the frequency in individual villages ranges from 0 to 0.40. Significant geographic heterogeneity in the distribution of the gene is demonstrated by a comparison of its frequency in six previously established subdivisions of the tribe and also by the demonstration of a significant cline. The number and frequency of variants of albumin in the Amerindian is contrasted with the data for haemoglobin A; it is suggested that the interplay of mutation and selection differs at these two loci.
